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(57)Abstract: 

PURPOSE: To provide a tire air pressure drop detecting 
device (DWS) whereby a pressure-reduced tire can be 
detected inexpensively and further accurately by using a 
rotary angular speed of the tire. 

CONSTITUTION: A wheel speed sensor 1 and a binary 
circuit 14 of an existing ABS in a vehicle are utilized. By 
four wheel speed pulses output from the binary circuit 
1 4, a rotary angular speed of each tire W1 to W4 is 
calculated, in a CPU24. At the time of detection 
inhibiting condition stored in a nonvolatile memory 27, no 
detection is performed. The time of detection inhibiting 
condition is that when the vehicle is in a very low speed 
condition, the vehicle is at the time of rapid acceleration 
and rapid deceleration, when large lateral G is generated 
in the vehicle during its quick cornering, and when action 
of the vehicle is in a transient condition or when ABS, 
parking brake, etc., provided in the vehicle, are in action. 
At the time thus operated, by not detecting a pressure- 
reduced tire, misdetection can be prevented, and a 
device of high reliability can be obtained. 



LEGAL STATUS 

[Date of request for examination] 04.09.1996 

[Date of sending the examiner's decision of 16.11.1999 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 



^ 



.,2* 



B?C*J 



crv 



34 



3 L 



h- 
i 



asm 

r 



i" i ■ IPflf' 1 

1 r dai i 



http://www19.ipdl.jpo.go.jp/PA1/result/detail/main/wAAAwia4PKDA406092114P1... 2003/08/20 



Searching PAJ 



2/2 ^— v 



decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl jpo.go.jp/PA1 /result/detai!/main/wAAAwia4PKDA4060921 1 4P1 ... 2003/08/20 



JP 6-92114 A 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is tire-pressure fall detection equipment for the four-flower vehicles 
which have four tires. The angular-rate-of-rotation detection means for detecting the 
angular rate of rotation of each tire prepared corresponding to each of four tires, A 
distinction means to distinguish whether it is the state defined beforehand where the 
above-mentioned four-flower vehicles do not fit tire-pressure fall detection, When 
the above-mentioned distinction means has distinguished from the state of not being 
suitable for the above-mentioned detection and it has not distinguished from the 
state where do not perform the operation for detection and it is not suitable for the 
above-mentioned detection The sum of the angular rate of rotation of one pair of tires 
which are on the diagonal line of the four tires in four-flower vehicles from the angular 
rate of rotation of four tires detected with the above-mentioned 
angular-rate-of-rotation detection means, By whether it is larger than the 
predetermined value which the ratio which an operation means to ask for a ratio with 
the sum of the angular rate of rotation of one pair of other tires, and the 
above-mentioned operation means calculated defines beforehand, or small 
Tire-pressure fall detection equipment characterized by including a reduced pressure 
tire detection means to detect that the air failure has arisen in a tire. 
[Claim 2] Tire-pressure fall detection equipment according to claim 1 is characterized 
by including the display means for displaying the detection result of the 
above-mentioned reduced pressure tire detection means further. 
[Claim 3] In tire-pressure fall detection equipment according to claim 2, the 
aforementioned display means is equipped with the display device corresponding to 
four tires, when the tire to which pneumatic pressure fell is detected, the display 
device corresponding to the tire is turned on, or is been made to be blinked, and 
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vehicles are ignition switched off, and fixed time is characterized by turning on all 
display devices the back 

[Claim 4] counting which carries out counting of the pulse number outputted in 
tire-pressure fall detection equipment according to claim 1, 2, or 3 from a pulse 
output means by which the above-mentioned angular-rate-of-rotation detection 
means outputs a pulse according to rotation of a tire, and a pulse output means — it 
is characterized by including a means 

[Claim 5] In tire-pressure fall detection equipment according to claim 1 , 2, or 3, the 
above-mentioned angular-rate-of-rotation detection means is characterized by 
including a pulse output means to output a pulse according to rotation of a tire, and a 
measurement means to measure the recurrence interval of the pulse outputted from a 
pulse output means. 

[Claim 6] In tire-pressure fall detection equipment according to claim 1 , 2, 3, 4, or 5, 
with the state of not being suitable for the above-mentioned tire-pressure fall 
detection and of setting beforehand (1) When four-flower vehicles are in the 
low-speed state below predetermined speed and it accelerates [ sudden-] or slows 
down [ sudden-] above the rate which (2) four-flower vehicles define beforehand, (3) 
When carrying out the cornering of the road of a radius with four-flower vehicles 
smaller than the radius of curvature defined beforehand, (4) When the width G beyond 
the value beforehand set to four-flower vehicles has occurred and (5) four-flower 
vehicles move from a straight-line run state to a cornering, Or it is a time of moving 
from a cornering state to a straight-line run state, and when the rate of a value 
change of the width G which this produces is over the default value defined 
beforehand, it is characterized by including the time of the specific equipment with 
which (6) four-flower vehicles were equipped operating. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment which detects the tire 
to which pneumatic pressure fell especially based on the rotational frequency of four 
tires about air-failure detection of the tire for four-flower vehicles. 
[0002] 

[Description of the Prior Art] The equipment which detects the air failure of a tire is 
invented as one of the safety devices for four-flower vehicles, such as a passenger 
car and a truck, and there are some which are put in practical use in a part. The 
demand to air-failure detection of a vehicles tire is high in Europe especially. In the 
European countries where the highway progressed, the air failure of the vehicles tire 
under high-speed run is because there is a possibility of causing a casualty. 
[0003] As tire-pressure fall detection equipment with which the former was put in 
practical use, there are some which measure a tire pressure directly. Conventionally 
[ this ], with equipment a pressure sensor is prepared into a tire and a tire pressure is 
measured directly by the pressure sensor. And the measured tire pressure is given to 
the processor formed in the body side, a pressure sensor and a processor — for 
example, electromagnetism — it is combined-like and transfer of a signal is 
mechanically enabled in the state of non-contact The tire pressure processed with 
the processor has composition displayed on a drop etc. 

[0004] moreover, as other conventional technology, the angular rate of rotation of 
four tires is detected, and the tire-pressure fall method of detection for detecting the 
tire to which pneumatic pressure is falling to a relative target is proposed based on 
the angular rate of rotation of each tire (for example, refer to JP, 63-30501 1, A) In this 
conventional method of detection, if the sum of the angular rate of rotation of one pair 
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of tires which will accept it on other diagonal lines is subtracted from the sum of the 
angular rate of rotation of one pair of tires on the diagonal line and 0.05% - 0.6% of the 
result is among 0.1% - 0.3% preferably from the average of the two sum totals, a 
reduced pressure tire will be detected. 
[0005] 

[Problem(s) to be Solved by the Invention] there is a fault of being very expensive, in 
some which are the composition of preparing a pressure sensor into the former tire 
among the above-mentioned conventional technology moreover — the processor 
formed in the pressure-sensor empty-vehicle object side established into the tire — 
electromagnetism — although a signal is transmitted-like, there is a fault of being 
easy to produce an error, at the time of a signal transmission since especially vehicles 
run under an ill condition (for example, a passage with much earth magnetism) — 
electromagnetism — there are also many obstacles over a signal transmission [Hike ] 
[0006] the method of on the other hand detecting a reduced pressure tire based on 
the angular rate of rotation of the latter tire which the above-mentioned conventional 
technology shoots has the following faults That is, in order to take out a changed part 
of the angular rate of rotation of a reduced pressure tire, the average of the angular 
rate of rotation of four tires is made into a basis, and a changed part in a reduced 
pressure tire is detected based on the basis. So, the angular rate of rotation of a 
reduced pressure tire is contained also in the basis, a basis is not exact and there is a 
fault that detection precision is not good. 

[0007] This invention was made against the background of such conventional 
technology, can constitute equipment comparatively cheaply, and aims at offering the 
equipment for moreover detecting the tire to which pneumatic pressure fell correctly 
with sufficient sensitivity, and quickly. In addition, the more fundamental purpose of 
this invention is as follows. First, it relates to development of a run flat tire. It is the 
tire which was able to enable it to run about 300km, for example by 80 or less km/h 
after the run flat tire has blown out. In the vehicles equipped with such a run flat tire, 
even if the tire blew out and it has started the air failure, a driver does not notice in 
many cases. In the state where it blew out, when it runs at the speed beyond the 
speed limit or is running exceeding a mileage limitation, a tire carries out a burst etc. 
and there is a possibility of leading to accident. So, it was one purpose to detect the 
air failure to such a run flat tire at the beginning. 

[0008] Moreover, as other purposes, when the air of a tire escaped from a few, it was 
detected promptly and the driver was told, and I hear that he wanted to prevent 
beforehand that accident arises to a 0.5 atmospheric-pressure ****** case, and it 
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was in it about it. Usually, even if the air of a tire escaped from about 0.5 atmospheric 
pressure, since the driver had not been noticed in many cases at it, equipment which 
can detect it was desired. 

[0009] Furthermore, when a nail etc. is stuck in a tire, the time for 20 - 30 seconds or 
more is required somewhat slowly as other fundamental purposes and pneumatic 
pressure falls, it is made in order to meet the demand of wanting to detect it promptly. 
As mentioned above, this invention is offering accurate equipment cheap [ for having 
detected the air failure of a tire, having been based on the fundamental position of 
wanting to prevent accident, having been made, and realizing it ] and. 
[0010] 

[Means for Solving the Problem] 

The principle of invention: In the vehicles which have four tires, the field which each 
tire has actually grounded on the ground, i.e., the distance from the center of a tread 
to the center of rotation of a tire, is called the dynamic load radius of the tire. Change 
of the load which this dynamic load radius requires for change (refer to drawing 15 ) of 
the pneumatic pressure of ** tire, and ** tire (refer to drawing 16 ), ** Change of the 
rotational speed of a tire, i.e., rolling-stock-run speed, (refer to drawing 17 ), ** ** 
vehicles change [ change (refer to drawing 18 ) of the slip angle of a tire, change (refer 
to drawing 18 ) of the camber angle of ** tire, and ** vehicles ] with ** tire wears 
(refer to drawing 20 ) etc. among a cornering during acceleration or braking (refer to 
drawing 19 ). When the dynamic load radius of a certain tire changes, in arbitrary 
vehicles speed, the rotational speed of the tire which the change generated will 
change to the rotational speed of other tires. 

[001 1] Then, in this invention, detect change of the rotational speed of a. tire. b. 
change factors other than the pneumatic pressure exerted on the dynamic load radius 
of a tire (above **-**) A relation with c, consequently the tire pressure and the 
dynamic load radius eliminated by processing appropriately the information on the 
dynamic load radius of each tire is extracted, and the tire to which pneumatic 
pressure fell is detected based on the procedure of detecting tire-pressure change. 
Use of ABS: Use effectively preferably ABS (Antilock-Braking-System) by which 
existing was carried out to vehicles in this invention. 

[0012] ABS is attached in Japan now in Europe at about 15 - 16% of saturation level 
of all vehicles about 35% of all vehicles. This ABS is a system which has the wheel 
speed sensor for detecting the rotation state of four tires, detects that it is the slip 
state which a tire races, and controls the oil pressure of a brake. Since the signal 
system of ABS controls the oil pressure of a brake as mentioned above and it controls 
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in the direction to which brakes are not applied, if it malfunctions, vehicles will be in a 
very dangerous state. Then, the highly reliable signal system is adopted. In the 
desirable mode of this invention, reliable tire-pressure fall detection equipment is 
cheaply realized by using the signal of the wheel speed sensor obtained from this 
reliable signal system. 

[0013] Invention according to claim 1 is tire-pressure fall detection equipment for the 
four-flower vehicles which have four tires. The angular-rate-of-rotation detection 
means for detecting the angular rate of rotation of each tire prepared corresponding 
to each of four tires, A distinction means to distinguish whether it is the state defined 
beforehand where the above-mentioned four-flower vehicles do not fit tire-pressure 
fall detection, When the above-mentioned distinction means has distinguished from 
the state of not being suitable for the above-mentioned detection and it has not 
distinguished from the state where do not perform the operation for detection and it is 
not suitable for the above-mentioned detection The sum of the angular rate of 
rotation of one pair of tires which are on the diagonal line of the four tires in 
four-flower vehicles from the angular rate of rotation of four tires detected with the 
above-mentioned angularrate-of^rotation detection means, It is characterized by 
including a reduced pressure tire detection means to detect that the air failure has 
arisen into the tire by whether it is larger than the predetermined value which the ratio 
which an operation means to ask for a ratio with the sum of the angular rate of 
rotation of one pair of other tires, and the above-mentioned operation means 
calculated defines beforehand, or small. 

[0014] Invention according to claim 2 is characterized by tire-pressure fall detection 
equipment according to claim 1 including the display means for displaying the 
detection result of the above-mentioned reduced pressure tire detection means 
further. Invention according to claim 3 is set to tire-pressure fall detection equipment 
according to claim 2. the aforementioned display means When the tire to which was 
equipped with the display device corresponding to four tires, and pneumatic pressure 
fell is detected, The display device corresponding to the tire is turned on, or is been 
made to be blinked, and vehicles are ignition switched off, and fixed time is 
characterized by turning on all display devices the back. 

[0015] counting to which invention according to claim 4 carries out counting of the 
pulse number outputted from a pulse output means by which the above-mentioned 
angular-rate-of-rotation detection means outputs a pulse according to rotation of a 
tire, and a pulse output means in tire-pressure fall detection equipment according to 
claim 1 , 2, or 3 — it is characterized by including a means Invention according to claim 
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5 is characterized by the above-mentioned angular-rate-of-rotation detection means 
including a pulse output means to output a pulse according to rotation of a tire, and a 
measurement means to measure the recurrence interval of the pulse outputted from a 
pulse output means in tire-pressure fall detection equipment according to claim 1, 2, 
or 3. 

[0016] Invention according to claim 6 in tire-pressure fall detection equipment 
according to claim 1, 2, 3, 4, or 5 with the state of not being suitable for the 
above-mentioned tire-pressure fall detection and of setting beforehand (1) When 
four-flower vehicles are in the low-speed state below predetermined speed and it 
accelerates [ sudden-] or slows down [ sudden-] above the rate which (2) fourHlower 
vehicles define beforehand, (3) When carrying out the cornering of the passage of a 
radius with four-flower vehicles smaller than the radius of curvature defined 
beforehand, (4) When the width G beyond the value beforehand set to four-flower 
vehicles has occurred and (5) four-flower vehicles move from a straight-line run state 
to a cornering, Or it is a time of moving from a cornering state to a straight-line run 
state, and when the rate of a value change of the width G which this produces is over 
the default value defined beforehand, it is characterized by including the time of the 
specific equipment with which (6) four-flower vehicles were equipped operating. 
[0017] 

[Function] When the air failure has arisen into one of tires in four-flower vehicles 
based on each angular rate of rotation of four tires detected by the 
angular-rate-of-rotation detection means according to invention a claim 1 or given in 
six, it can be detected correctly. And since an operation means does not calculate in 
the state that four-flower vehicles do not fit tire-pressure fall detection and of 
setting beforehand, the mistaken operation is prevented beforehand and it can draw 
only the right detection result. 

[0018] Moreover, according to invention according to claim 2, when an air failure 
arises into one tire of four tires, a driver can be promptly told about it Furthermore, 
since according to invention according to claim 3 an ignition switch is turned on and all 
display devices turn on or blink back fixed time, a driver can check that a display 
means or tire-pressure fall detection equipment itself is not out of order. 
[0019] 

[Example] Below, with reference to a drawing, the example of this invention is 
explained in detail. Drawing 1 is drawing showing the outline of vehicles in which the 
tire-pressure fall detection equipment (henceforth "DWS") concerning one example 
of this invention and well-known ABS were carried conventionally. 
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[0020] ABS carried in these vehicles is equipment which avoids the lock state of the 
wheel in the time of sudden braking operation etc. by controlling electronically the 
brake pressure force of the brake 2 of each wheel based on the output of four tires 
W1 and W2, W3, and the wheel speed sensor 1 formed respectively in relation to W4. 
That is, if it gets into a brake pedal 3 strongly, the fluid pressure from a master 
cylinder 4 will be controlled by the fluid-pressure unit 5, and will be transmitted to the 
brake 2 of each wheel. The control unit 6 for ABS which is carrying out the monitor of 
the output of four wheel speed sensors 1 is connected to this fluid-pressure unit 5. In 
the control unit 6 for ABS, if the so-called lock state of one of wheels is distinguished 
based on the output of each wheel speed sensor 1, the fluid-pressure unit 5 will be 
controlled and the brake pressure of the brake 2 of the wheel of a lock state will be 
decreased. 

[0021] By the way, in Above ABS, in the control unit 6 for ABS, first, binary-ized 
processing is carried out and, as for the analog signal given from each wheel speed 
sensor 1, a binary-ized finishing wheel speed signal (henceforth a "wheel speed 
pulse") is used for processing. On the other hand, it connects with the drop 12 
connected to the control unit 1 1 for DWS, and the control unit 1 1 for DWS, and the 
control unit 1 1 for DWS, and DWS concerning this example is equipped with the 
initialization switch 15 operated by the driver. And the control unit 11 for DWS 
receives supply of a wheel speed pulse from the control unit 6 for ABS, is based on 
this wheel speed pulse, and shifts, and it is made to have the air failure of those tires 
W1-W4 detected. And detection of the air failure of one of the tires W1-W4 displays 
the result on a drop 1 2. In a drop 1 2, an air-failure tire is displayed so that it may 
mention later. 

[0022] Drawing 2 is the perspective diagram showing an example of the attachment 
structure of the wheel speed sensor 1 explained in drawing 1 . the edge of an axle 7 — 
wheel attachment — the member 8 and the brake disc 9 have fixed Inside the brake 
disc 9, the axle 7 and the sensor rotor 1 0 rotated in one are attached. It is formed in 
the perimeter side of the sensor rotor 10 in the pitch with two or more projecting fixed 
gear teeth. The wheel speed sensor 1 is attached in the fixed state where it does not 
rotate so that a predetermined interval may be separated to the peripheral surface of 
this sensor rotor 10 and it may be countered. 

[0023] Drawing 3 is an illustration view for explaining the rotation detection principle 
by this wheel speed sensor 1. The wheel speed sensor 1 is the electromotive force ei 
produced to the ends of the coil 13 wound around the pole piece 12 about while 
leading the magnetic flux phi which a permanent magnet 1 1 makes to the sensor rotor 
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10 by the pole piece 12. It is made to take out. Opening g is formed between 
nose-of-cam 12a of the pole piece 12, and the sensor rotor 10. As mentioned above, 
it is fixed to the axle 7, and the sensor rotor 10 will be rotated with rotation of a tire, if 
it rotates and an axle 7 puts in another way. Moreover, as mentioned above, much 
gear-tooth 10a protrudes on the peripheral surface of the sensor rotor 10 at constant 
pitch. Therefore, the opening g of nose-of-cam 12a of the pole piece 12 and the 
peripheral surface of the sensor rotor 10 changes with rotation of the sensor rotor 10. 
Electromotive force ei according to change of this magnetic flux phi since the 
magnetic flux phi which pierces through the pole piece 12 changes with change of this 
opening g It will generate to the ends of a coil 1 3. Electromotive force ei Voltage signal 
ei of the frequency corresponding to the rotational speed of a tire after all since it 
changes on the frequency corresponding to rotation of the sensor rotor 10 It is 
obtained. 

[0024] In this example, about 45 gear-tooth 10a which protruded on the peripheral 
surface of the sensor rotor 10 is prepared, for example. So, if the sensor rotor 10 
rotates one time, 45 gear-teeth 10a will counter with nose-of-cam 12a of the pole 
piece 12. Therefore, if the sensor rotor 10 rotates one time (i.e., if a tire rotates one 
time), 45 alternating current signals will occur in the ends of a coil 1 3. 
[0025] Drawing 4 is the block diagram showing the electric composition of DWS 
concerning one example of this invention. As explained in drawing 1 , the detecting 
signal of four wheel speed sensors 1 is given to the control unit 6 for ABS. The 
binary-ized circuit 14 and the microcomputer 16 for ABS are contained in the control 
unit 6 for ABS. First, after the detecting signal of the wheel speed sensor 1 given to 
the control unit 6 for ABS is made binary in the binary-ized circuit 14, it is supplied to 
the microcomputer 1 6 for ABS. 

[0026] It is made to be given in the detecting signal of the wheel speed sensor 1 of 
Above ABS, as DWS concerning this example was mentioned above. In this case, it is 
made to be given to the control unit 21 for DWS in the wheel speed pulse after not 
making it given at the control unit 21 for direct DWS and making binary the detecting 
signal of each wheel speed sensor 1 in the binary-ized circuit 14 in the control unit 6 
for ABS. 

[0027] When it is made such connection composition, there are two big merits. I hear 
that the failure can prevent having fatal influence to the control unit 6 for ABS, and 
one merit has it in it in it, even if failure should occur in the wheel speed stimulus part 
of the control unit 21 for DWS. If either of this branched signal line is set for example, 
to grand level when the control unit 21 for DWS is made the composition which 
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incorporates the output of the wheel speed sensor 1 directly (i.e., when the signal line 
of each wheel speed sensor 1 branches and it connects with the control unit 21 for 
DWS), the mistaken wheel speed detection signal will be given to the binary-ized 
circuit 14 of the control unit 6 for ABS. And as a result the microcomputer 16 for 
ABS may start a malfunction. Then, if the wheel speed pulse after being made binary 
by the binary-ized circuit 14 in the control unit 6 for ABS is given to the control unit 
21 for DWS like this example, even if failure occurs in the wheel speed detection 
stimulus part of the control unit 21 for DWS, the failure will not have fatal influence on 
the control unit 6 for ABS. 

[0028] Since a wheel speed pulse [ finishing / binary-izing] is given to the control unit 
21 for DWS, I hear that another merit can attain simplification of the wheel speed 
stimulus part of the control unit 21 for DWS, and there is. Now, the control unit 21 for 
DWS, the drop 22, and the initialization switch 1 5 with which the above-mentioned 
wheel speed pulse is given are included in DWS concerning this example. The control 
unit 21 for DWS is constituted by the microcomputer, in the hardware composition In 
case ROM25 and CPU24 in which the control action program of CPU24 and CPU24 as 
a center of the input/output interface 23 required for delivery of a signal with an 
external device and data processing was stored perform control action like illustration, 
data etc. are written in temporarily, or RAM 26 from which the written-in data is read, 
and the non-volatile memory 27 which can hold the data memorized also at the time 
of a power supply OFF are contained. RAM 26 is equipped with the area for time 
memory, the area for measurement timers, the area for pulse counters, the area for 
work registers, etc. so that it may mention later. Moreover, a data rejected condition, 
a data correction coefficient, etc. which are mentioned later are memorized by 
non-volatile memory 27. 

[0029] If detection of an air-failure tire is carried out by the control unit 21 for DWS 
based on the wheel speed pulse given from the binary-ized circuit 14, the detection 
result will be outputted and displayed on a drop 22. When the tire to which pneumatic 
pressure fell is detected by the display lamp or display device corresponding to four 
tires W1 and W2, W3, and W4, it is made for the light to be switched on in the display 
device corresponding to the tire by it like illustration as a display mode in a drop 22. 
[0030] Moreover, vehicles are ignition switched off and, as for fixed time, it is desirable 
[ a display lamp or display devices W1-W4 ] to make it all light up the back in order to 
tell a driver about itself not being out of order. In order to tell a driver about the tire to 
which pneumatic pressure fell having been detected further again, it may replace with 
a drop 22, or may use together with a drop 22, and the acoustic sense information 
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equipment by the synthesized speech etc. may be used. 

[0031] In addition, an operation of the initialization switch 15 in drawing 4 is explained 
later. Drawing 5 is the circuit block diagram showing the electric composition of DWS 
concerning other examples of this invention. The point that the composition shown in 
drawing 5 differs from the composition shown in drawing 4 is that the microcomputer 
28 for DWS is added to the control unit 6 interior for ABS. Thus, while being able to 
utilize the existing control unit effectively, and there being no increase in a control 
unit and being able to aim at reduction of circuitry by adding the microcomputer only 
for DWS(s) in the control unit 6 for ABS in other unit and this example, there is an 
advantage that cost reduction can also be planned. 

[0032] Moreover, it replaces with the composition of drawing 5 of adding the 
microcomputer 28 for DWS in the control unit 6 for ABS, and if the program for 
air-failure detection is added in the microcomputer 16 for ABS in addition to the 
program for ABS as shown in drawing 6 , the hardware composition of a 
microcomputer can constitute DWS only by the addition of a new program, using the 
existing microcomputer 16 for ABS as it is. 

[0033] Next, in the control unit 21 for DWS explained by drawing 4 , the wheel speed 
pulse given explains how it is read by CPU24. The wheel speed pulse inputted into 
CPU24 in drawing 4 is a pulse signal as shown in drawing 7 , respectively. In CPU24, 
the angular rate of rotation of each tires W1-W4 (refer to drawing 1 ) is computed by 
counting to every [ which defines each of this wheel speed pulse given beforehand ] 
measurement period deltat. 

[0034] By the way, since they are asynchronous, if the period of a wheel speed pulse 
and measurement period deltat may have a relation as shown in drawing 7 (a) as for 
the period of the wheel speed pulse inputted into CPU24, and measurement period 
deltat in CPU24, they have a relation as shown in drawing 7 (b) also with a bird clapper. 
That is, although the number N of rising edges of the wheel speed pulse in 
measurement period deltat is N=x when shown in drawing 7 (a), when shown in drawing 
7 (b), the number N of rising edges of the wheel speed pulse in measurement period 
deltat will become N=x -1. Thus, when the relation between the start timing of 
measurement period deltat and end timing, and the rising edge of a wheel speed pulse 
differs, **one error may arise in the pulse number of the wheel speed pulse counted in 
same measurement period deltat. Since it is few also to a wheel speed pulse number 
especially during a low-speed run, the rate of the error also becomes [ vehicles ] large. 
[0035] Then, the generating time of the rising edge detected at the last in each 
measurement period deltat in this example as shown in drawing 7 (c), tx-1 [ for 
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example, ], and tX It was made to memorize. And the angular rate of rotation omega of 
a tire is the number of rising edges of the wheel speed pulse counted in certain 
measurement period deltat x, then ornega=(k1, x)/(tx-tx-1) — (1) 
However, k1: It was made to ask by the constant. Consequently, it cannot be 
generated, but the error based on the period of a wheel speed pulse and measurement 
period deltat being asynchronous can count a wheel speed pulse correctly, and can 
compute the angular rate of rotation of each tire without error. 

[0036] Drawing 8 is a flow chart which shows the angular—rate-of^rotation calculation 
procedure of the tire in CPU24 (refer to drawing 4 ) mentioned above. Next, with 
reference to drawing 8 , the method of calculation of the angular rate of rotation of a 
tire is explained more concretely. In CPU24, count processing of the wheel speed 
pulse given is performed. This processing is made according to the flow chart of 
drawing 8 (a). That is, if the input of the rising edge of a wheel speed pulse is 
distinguished (Step S1), the time when the rising edge was inputted will be memorized 
by time memory (the storage area of RAM [ in / drawing 4 / in this time memory ]26 is 
used.) (Step S2). And counted value of a pulse counter (the storage area of RAM26 is 
used and this pulse counter is also constituted.) is carried out +one. 
[0037] The above processing is repeated. On the other hand, angular-rate-of-rotation 
calculation processing of a tire is performed according to the flow chart shown in 
drawing 8 (b). Namely, the measurement timer which clocks measurement period 
deltat (this measurement timer) for example, the storage region of RAM26 is used and 
formed a time check — distinction of whether time reached deltat carries out — 
having (Step S1 1) — a measurement timer — measurement period deltat (it can be 
set as several seconds - about several seconds, deltat — for example, a comma — ) A 
measurement timer will be reset if having reached is distinguished (Step S12). 
Thereby, a measurement timer begins a time check from 0 again. Moreover, time tt-x 
by which the standup pulse of the last in the last measurement period by which the 
store is carried out to the work register W1 formed in the storage area of RAM26 was 
detected It is moved to another work register W2 (Step S13). And the store of the 
time tx (time memorized at Step S2) memorized by time memory is carried out to the 
work register W1 (Step S14). 

[0038] Consequently, time tx-1 by which the rising edge of the last in the 
measurement period in front of one was detected by the work register W2 Time tx 
when the store was carried out at and the rising edge of the last in this measurement 
period was detected by the work register W1 The store will be carried out. 
Subsequently, a store is carried out to high-priced [ of a pulse counter ] at another 
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work register W3. And a pulse counter is cleared. 

[0039] And three work registers W1 and W2 and the data by which the store is carried 
out to W3 are read, and the angular rate of rotation omega of a tire is computed (Step 
S16). This calculation is made based on the formula (1) mentioned above. The angular 
rate of rotation of a wheel is computed correctly [ it is without error and ] by every 
measurement period deltat as mentioned above. 

[0040] It replaces with detection of the rising edge of a wheel speed pulse, and you 
may make it detect a falling edge in an above-mentioned case. Since it has four wheel 
speed sensors 1 , count processing of the wheel speed pulse number explained above 
and calculation processing of the angular rate of rotation of a tire are performed for 
every wheel speed sensor, respectively. 

[0041] It may replace with angulai^rate-of-rotation calculation processing of the 
above tires, and the following calculation processings may be performed. Namely, with 
reference to drawing 9 , the time t1 when the rising edge (or falling edge) of the first 
wheel speed pulse was detected is memorized after a measurement start, several 
standup (or falling) edges of the wheel speed pulse per tire 1 rotation — the integer n 
of NO (n= 1, 2, 3 — ) — double — the detection time t2 of the rising edge (or falling 
edge) of the 1st [ +] wheel speed pulse — memorizing — the angular rate of rotation 
omega of a tire — the following formula (2) 
omega=(k2andn)/(t2-t1) — (2) 

However, k2: You may compute by the constant. When the calculation method of such 
the angular rate of rotation is used, even if the protrusion pitch of gear-tooth 10a in 
the sensor rotor 10 (refer to drawing 3 ) varies, an error does not arise in the angular 
rate of rotation omega by the dispersion. Therefore, the more exact angular rate of 
rotation is computable. 

[0042] In addition, the wheel speed pulse from four wheel speed sensors 1 is detected, 
respectively, and the angular rate of rotation is computed also for calculation of this 
angular rate of rotation about each tire W1-W4. Drawing 10 is a flow chart showing the 
procedure in CPU24 when computing the angular rate of rotation explained with 
reference to drawing 9 . 

[0043] Next, with reference to drawing 10 , the method of calculation of the angular 
rate of rotation is explained more concretely. A start of measurement of a wheel 
speed pulse detects the rising edge of a wheel speed pulse (Step S21). And if the first 
rising edge is detected, the detection time t1 will be memorized by the time memory 1 
(Step S22). Moreover, counted value of a pulse counter is set to "1" (Step S23). 
[0044] Then, whenever it is distinguished whether the rising edge of the following 
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wheel speed pulse was detected (Step S24) and a rising edge is detected, a pulse 
counter is carried out +one (Step S25). And processing of Steps S24 and S25 is 
repeated until it is distinguished whether it became one the severalNs standup integer 
[ n times integer of 0 of this ] of the wheel speed pulse per [ as which the counted 
value of a pulse counter was determined beforehand ] tire 1 rotation (Step S26) and 
the value of a pulse counter reaches NOxn. 

[0045] And if it is distinguished that the number of counts of a pulse counter was set 
to NOxn and the rising edge of the following wheel speed pulse is detected (it is YES at 
Steps S26 and S27, respectively), the time t2 when the rising edge of the wheel speed 
pulse of the last detected at Step S24 was detected will be memorized by the time 
memory 2 (Step S28). 

[0046] And a pulse counter is cleared in preparation for the next measurement start 
(Step S29), and the angular rate of rotation omega of a tire is computed by the 
above-mentioned formula (2) using the time memorized by the time memory 1 and the 
time memory 2 (Step S30). In addition, the time memory 1 and the time memory 2 
which were stated by this drawing 10 are also formed using the storage area of 
RAM 26 in drawing 4 . 

[0047] In addition, as for detection processing of the above-mentioned angular rate of 
rotation omega explained with reference to drawing 8 or drawing 1 0 , it is desirable 
that the angular rate of rotation of four tires is simultaneously computed in parallel 
based on each wheel speed pulse from four wheel speed sensors 1. Since the tire to 
which pneumatic pressure is falling relatively based on the angular rate of rotation of 
four tires as for fall detection of a tire pressure is detected so that it may mention 
later, the angular rate of rotation of each tire is because it leads to more exact 
detection that it is the angular rate of rotation detected at this time. 
[0048] Next, the method of fall detection of a tire pressure is explained. In the array 
view of the tire of the four-flower vehicles shown in drawing 1 1 , F3 and the angular 
rate of rotation of the back right tire W4 are set [ the angular rate of rotation of the 
front left tire W1 / the angular rate of rotation of F1 and the front right tire W2 ] to F4 
for the angular rate of rotation of F2 and back left tire W3. At this time, the judgment 
formula (3) which detects the fall of the following tire pressure can be obtained by 
asking for one more pair of tires W2 on sum F1+F4 on the diagonal line of the angular 
rate of rotation of one pair of tires W1 and W4, and other diagonal lines, and the ratio 
dF of sum F2+F3 of the angular rate of rotation of W3. 
[0049] 

dF=(F1+F4)/(F2+F3) — (3) 
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Now, if all of the pneumatic pressure of four tires W1-W4 are normal, since each of 
F1-F4 becomes equal, they will be set to dF=1. On the other hand, it is set to dF!=1 
when the pneumatic pressure of any one tire falls. Therefore, dF> (1+a1) or dF< (1-a2) 
However, a1, a2 : It is detectable at the time of a constant that the pneumatic 
pressure of one of tires is falling. 

[0050] If an above-mentioned judgment formula (3) is used, the angular rate of 
rotation of a reduced pressure tire is detectable among four tires as a part for the 
relative change with three tires of other normal pneumatic pressure. Therefore, since 
the angular rate of rotation of a reduced pressure tire is not contained in a 
comparison basis as explained in the conventional technology, detection precision is 
not changed, it does not get worse, but accurate detection is attained. 
[0051] If the judgment formula (3) concerning this example is used, the fall of the 
pneumatic pressure of any 1 of four tires W1-W4 or two tires W1 on the diagonal line, 
W4 or W2, and W3 is correctly detectable. Next, when the air failure of a tire is 
detected, the specific method of of which tire of ** and the four tires W1-W4 
pneumatic pressure is falling is explained. 

[0052] In an above-mentioned judgment formula (3), if it is dF>1 and reduced pressure 
tires are W1 or W4, and dF<1, a reduced pressure tire can be specified with W2 or W3. 
Furthermore, if vehicles become F1>F2 in the state of rectilinear propagation in an 
above-mentioned case, a reduced pressure tire will become W1FKF2, a reduced 
pressure tire will become W2F3>F4 and a reduced pressure tire will become W3F3<F4, 
a reduced pressure tire can be specified with W4. 

[0053] By the way, when two tires W1 and W2 which are not on the diagonal line 
depending on using the judgment formula (3) mentioned above, for example, two front 
tires, two back tire W3, and W4 produce an air failure simultaneously, the tire-pressure 
fall may be unable to be detected. Therefore, after performing the detection judging of 
the tire-pressure fall by the judgment formula (3) mentioned above, it sets under the 
condition which vehicles are the degrees of about 1 fixed speed, and is performing the 
straight-line run mostly. If sum F3+F4 of sum F1+F2 and back tire W3 of the angular 
rate of rotation of the front tires W1 and W2, and the angular rate of rotation of W4 are 
compared and there is size, it is desirable to make it specify that it is the tire from 
which the bigger one has produced the air failure. That is, it is desirable to judge with 
W1 and W2 having produced the air failure, if it becomes (F1+F2) / (F3+F4) >C0 (CO : 
constant decided by vehicles), and W3 and W4 having produced the air failure, if it 
becomes (F1+F2) / (F3+F4) <C0 (CO : constant decided by vehicles). 
[0054] What is necessary is just to make a judgment whether the vehicles in 
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above-mentioned are constant-speed runs as follows. That is, when the rate of 
change of the average of the angular rate of rotation of four tires obtained from four 
wheel speed sensors is in a certain default value, it can be judged that it is a fixed run. 
On the other hand, when it comes out of the default value of a certain (for example, 
when rate of change increases in the increase direction rather than default value), and 
it can judge that vehicles are in an acceleration state and rate of change exceeds in 
the reduction direction rather than a certain default value conversely, it can be judged 
that vehicles are in a slowdown state. Thus, when vehicles judge based on the output 
of a wheel speed sensor for whether it is a constant-speed run state as mentioned 
above, it is not necessary to form G sensor etc. in this DWS, and there is an 
advantage of being made to simple composition. 

[0055] By the way, fall detection of the tire pressure using the judgment formula (3) 
mentioned above is based on the basis that the angular rate of rotation of the tire 
which the change generated changes to the angular rate of rotation of other tires, if 
the dynamic load radius of a tire changes as mentioned above. However, as mentioned 
above, the rotational speed of the load which the dynamic load radius of a tire requires 
not only for change of ** tire pressure but for ** tire, and ** tire, the slip angle of ** 
tire, the camber angle of ** tire, and ** vehicles change [ whether it is under / 
cornering / ******, and ] ** vehicles in whether it is under [ acceleration or braking ] 
****** by ** tire wear etc. 

[0056] Then, in order to detect the air failure of a tire correctly and to remove change 
of the dynamic load radius by the above-mentioned ** - **, air-failure detection of a 
tire is forbidden under a certain specific conditions, or there is amendment need about 
the angular rate of rotation of the computed tire. Hereafter, when forbidding detection, 
an amendment case is explained one by one in the computed angular rate of rotation. 
When detection of an air failure is forbidden: There is a case of the following (1 ) - (6). 
[0057] (1) From the wheel speed sensor 1 which vehicles show very much to drawing 
3 in a low-speed state, it is sufficient alternating-voltage signal ei for binary-izing. It is 
not obtained. Therefore, the output of the wheel speed sensor 1 may not be correctly 
made binary. Then, when vehicles speed is below the constant speed defined 
beforehand, detection of a wheel speed pulse is forbidden. 

[0058] If the pulse number to count is under the default value defined beforehand in 
measurement period deltat explained, for example by drawing 7 as the concrete 
method of the ban on detection of a wheel speed pulse, tire-pressure fall detection 
will be forbidden. Furthermore, when a rapid increase or rapid reduction is between 
the pulse number in certain measurement period deltat, and the pulse number in the 
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following measurement period deltat preferably, tire-pressure fall detection is 
forbidden. A rapid increase or rapid reduction of a pulse number within fixed 
measurement period deltat is because a possibility that an incorrect judging may be 
performed will become high if the data is used in such a case, since it is possible to be 
based on a slip of a tire etc. 

[0059] Furthermore, when the generating period of the wheel speed pulse which is 
given more preferably in an above-mentioned case is supervised and the generating 
period of a wheel speed pulse exceeds default value, the tire-pressure fall detection 
based on the pulse number in measurement period deltat including the pulse is 
forbidden. When the generating period of a wheel speed pulse exceeds default value, it 
is because it is possible that the tire slipped etc. 

[0060] (2) Vehicles may race [ a tire ] at the time of sudden acceleration, and tire 
idling causes incorrect detection. Then, the ratio of the angular rate of rotation of the 
driving wheel of vehicles, a non-driving wheel, for example, a front wheel, and a rear 
wheel is taken, and detection will be forbidden if the value exceeds default value. In 
this case, the average of the angular rate of rotation of two front tires and the average 
of the angular rate of rotation of two back tires which are non-driving wheels which 
are a driving wheel should just be used for the ratio of the angular rate of rotation of a 
driving wheel, and the angular rate of rotation of a non-driving wheel, for example, 
respectively. 

[0061] (3) A sideslip etc. occurs into a tire and the inside of a cornering with sudden 
vehicles causes incorrect detection. Then, detection is forbidden, when the radius of 
curvature R of the passage vehicles are running by the following formula (4) is 
guessed and this value R is less than default value. 
[0062] 
[Equation 1] 



[0063] However, the angular rate of rotation of F1, F2, F3, a before [ F4: ] left tire, a 
front right tire, a back left tire, and a back right tire, A: In the small curve of radius of 
curvature of a hairpin curve, a spoon curve, etc., the constant, i.e., the passage 
vehicles are running, decided with vehicles forbids fall detection of a tire pressure 
comparatively. 

[0064] (4) Vehicles speed may be [ vehicles ] quick the inside of a cornering, or when 
a cornering radius is small, the big width G may start, and incorrect detection may 
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occur by sideslip of a tire etc. Then, detection is forbidden, when the width G 
produced on vehicles is guessed and this value exceeds default value by the following 
formula (5). 

G=B| {(F1+F3 )- (F2+F4)} (F1+F2+F3+F4) | — (5) 

However, the angular rate of rotation of F1, F2, F3, a before [ F4: ] left tire, a front 
right tire, a back left tire, and a back right tire, B: It replaces with guessing the width G 
produced on vehicles based on the above-mentioned formula (5) which is the 
constant decided by vehicles, G sensor is attached in vehicles, and you may make it 
detect the width G produced on vehicles by the G sensor concerned. 
[0065] (5) When vehicles move from a straight-line run state to a cornering, or when 
moving from a cornering state to a straight-line run that is, a cornering will begin, or 
the behavior of vehicles will be in a transient in the end, and load movement in 
vehicles etc. is unfixed and causes incorrect detection of tire-pressure fall detection. 
Then, the cornering from which the behavior of these vehicles will be in a transient 
begins, and, finally detection is forbidden. Judgment whether detection is forbidden or 
not forbids detection, when the rate of change of the value (the value guessed by the 
formula (5) mentioned above is sufficient as this value, and it may be measured by G 
sensor.) of the width G produced on vehicles exceeds default value. 
[0066] (6) While ABS with which vehicles were equipped, a parking brake, or a traction 
control apparatus operates, not a rotation state usual in wheel rotation but a slip of a 
tire may be generated, and it becomes the factor of incorrect detection for DWS. 
Then, when ABS, a parking brake and a traction control apparatus, and DWS are 
connected by the signal line, respectively and ABS, a parking brake, or a traction 
control apparatus is operating, the signal which tells DWS about under an operation is 
given. And in DWS, when the signal which tells under one of operations is given, it is 
made not to perform detection processing. 

[0067] (1) - (5) mentioned above Each default value used as the decision criterion of 
whether to forbid each detection is defined beforehand, and is memorized by 
non-volatile memory 27 (refer to drawing 4 ). Therefore, CPU24 determines [ which 
performs fall detection processing of a tire pressure / or or ] whether to carry out 
prohibition by reading the default value memorized by non-volatile memory 27, and 
comparing with this default value. 

the angular rate of rotation — amendment case: — there is a case of (1) of the 
following and (2) 

[0068] (1) As mentioned above, the dynamic load radius of a tire changes not only with 
change of the pneumatic pressure of a tire but with rolling-stock-run speed. Then, in 
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order to extract correctly the relation between the dynamic load radius of a tire, and 
pneumatic pressure, it asks for a changed part given to the dynamic load radius of a 
tire beforehand for every rolling-stock-run speed, and a part for this change is 
amended at the time of air-failure detection processing of a tire, as a result there is 
amendment need about the angular rate of rotation of a tire. 

[0069] It is a changed part of the dynamic load radius of a tire to rolling-stock-run 
speed deltar, then deltar=f (v) 

however, the function v:rolling-stock-run speed decided with fvehicles — in addition 
— this — the average angular rate of rotation of four wheels — the radius at the time 
of a halt of the normal tire of the now for which it can be substituted, and pneumatic 
pressure — rO then, change of the dynamic load radius of this tire — (r0+deltar)/r0 
=1+deltar/r0 =1+f(v)/r0 =1+Cf (v) 

However, C: When a constant, then the angular rate of rotation of a tire are set to Fx 
(Fx=F1 , F2, F3 or F4), it is Fx** (1 / rO). 
There is ****** and it is [0070]. 
[Equation 2] 



[0071] ** — it becomes the angular rate of rotation of an actual tire Therefore, the 
angular rate of rotation Fx amends with Fx={1+Cf(v)} Fx'. Or the change rate of the 
angular rate of rotation of a tire is beforehand measured [ h ] in km [ km / every 
typical speed of vehicles, 50 km/h, / 100 / // h /, and / 150 / /], and you may 
memorize to non-volatile memory 27 or ROM as an amount of amendments of the 
angular rate of rotation which had them detected. And it is good as for a method of an 
amendment in the angular rate of rotation which read one of change rates from 
non-volatile memory 27, and was detected by it according to rolling-stock-run speed. 
[0072] (2) Change the dynamic load radius of a tire by the width G which vehicles 
produce on vehicles in a cornering. So, since vehicles also change the angular rate of 
rotation by change of the dynamic load radius of a tire in a cornering, there is 
amendment need about this. By the way, as for a straight-line run state and the inside 
of a cornering, vehicles can distinguish as follows based on the output of a wheel 
speed sensor. That is, when the pre-right-and-left tires W1 and W2 and 
post-right-and-left tire W3, the difference of the angular rate of rotation of W4, or a 
ratio exceeds both and a certain default value by the same sign, it can be judged that 
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vehicles are among a cornering. And when other, it can be judged that vehicles are 
straight-line run states. And the following amendments are performed when vehicles 
are judged to be among a cornering. Thus, if vehicles distinguish a straight-line run 
state or the inside of a cornering based on the output of a wheel speed sensor, it is 
not necessary to form a handle **** sensor in this DWS, and can consider as cheaper 
and simple composition. 

[0073] Now, if Width G starts vehicles in drawing 1 2 , the angular moment will occur on 
vehicles centering on a roll center, and the force proportional to this will act on them 
each tire W1, W3, and W2 and W4. The dynamic load radius of a tire is influenced of a 
load, as mentioned above, and it is changed in proportion to a load. So, vehicles can 
express a part for the change as a function of Width G in a cornering. When a part for 
this change is set to deltar and an early tire radius is set to rO, a changed part of the 
dynamic load radius of a tire is (r0+deltar)/r0 =1+deltar/r0 =1+f (G). 
However, f. It is the function decided with vehicles and is decided for every tire. 
[0074] therefore, the thing which vehicles make the angular rate of rotation Fx (Fx=F 
[1 1 F2, F3 or F4), then Fx-Fxx (1+f (G)) to each tire as for the inside of a cornering 
— it is — the angular rate of rotation — an amendment — things are made In addition, 
above-mentioned correction-factor f (G) may be expressed as a continuous function, 
or is measured for every value of typical G, and may be memorized by non-volatile 
memory 27 as a correction factor. 

[0075] If it amends to the angular rate of rotation of the tire computed as mentioned 
above, whether vehicles are the angular rate of rotation of the tire detected during 
acceleration or the slowdown or vehicles are the angular rate of rotation detected in 
the cornering, air-failure detection of a tire can be performed using what amended the 
angular rate of rotation of these tires. Therefore, the state where air-failure detection 
of a tire cannot be performed can be reduced, and the state where a passage situation 
etc. cannot perform air-failure detection of a tire over a long period of time can be 
avoided. 

[0076] Next, reduced pressure tire distinction control performed by CPU24 shown in 
drawing 4 is explained, referring to a flow chart. Drawing 13 is a flow chart which 
shows an initialization manipulation routine required before distinction processing of a 
reduced pressure tire. Initialization processing is processing required of the following 
reasons. Not all of the dynamic load radius of four tires are necessarily the same by 
the difference of the load concerning each tire by the weight distribution of vehicles 
though all of four tires W1 and W2 of vehicles, W3, and the pneumatic pressure of W4 
are normal, the tire wear, manufacture dispersion of a tire, etc. so, initial dispersion of 
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the dynamic load radius of these four tires — initialization — an amendment — things 
are indispensable in subsequent exact tire-pressure fall detection 
[0077] With reference to drawing 1 3 , initialization processing is started based on the 
initialization switch 15 (referring to drawing 1 and drawing 4 ) having been operated 
(Step S41). And if ON of the initialization switch 15 is distinguished, CPU24 will write 
an initialization flag in non-volatile memory 27 (Step S42). Writing this initialization flag 
in non-volatile memory 27, when the power supply of DWS is turned off during 
initialization processing, a correction factor may not be called for correctly. And when 
a correction factor is used correctly, DWS has this possibility of carrying out incorrect 
detection. Then, it is going to guarantee the content of non-volatile memory 27 by 
writing an initialization flag in non-volatile memory 27. 

[0078] Subsequently, the display devices W1 -W4 (refer to drawing 4 ) of four tires in a 
drop 22 are blinked, and a driver is told about initialization being under processing 
(Step S43). After this initialization switch 1 5 is pushed, by the driver, vehicles are 
straight-line runs and run by simultaneously constant speed. It is distinguished 
whether based on the wheel speed pulse from a wheel speed sensor, vehicles are 
straight-line runs and CPU24 is running by constant speed (Step S44). Vehicles are 
distinguished [ that it is / straight-line / under run, and ], when the pre-right-and-left 
tires W1 and W2, post-right-and-left tire W3, the difference of the angular rate of 
rotation of W4, or the ratio is not over both or a certain default value by the same sign, 
as it mentioned above whether it was a straight-line run. 

[0079] Moreover, when the rate of change of the average of the wheel speed pulse to 
which, as for whether it is a constant-speed run, vehicles are given from four wheel 
speed sensors is in a certain default value, vehicles are distinguished as it is a 
constant-speed run. And in this case, each angular rates of rotation F1, F2, F3, and F4 
of four tires are detected. Moreover, the angular rate of rotation of one arbitrary tire, 
F1 [ for example, ], is made into a reference value, and it asks for the ratio of the 
angular rate of rotation of other tires to this reference value F1 , respectively, and let 
it be a correction factor to each tire. That is, it is referred to [ tire / W2 / W3 / tire / 
amendment coefficient-C 2=F2/F1 and ] as amendment coefficient-C 4=F4/F1 about 
amendment coefficient-C 3=F3/F1 and a tire W4 (Step S45). 

[0080] And this called-for amendment coefficient C 2, and C3 and C4 are memorized 
by non-volatile memory 27 (Step S46). On the other hand, the initialization flag written 
in non-volatile memory 27 is eliminated (Step S47), the tire display lamp of a drop 22 
is switched off (Step S48), and this processing is ended. When it distinguishes whether, 
as for CPU24, the initialization flag is written in non-volatile memory 27 when DWS 
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operates (i.e., when the ignition key of vehicles is turned on) and the initialization flag 
is written in after initialization processing finishes, it is made displayed on a drop 22 
that the demand requires initialization for the second time. Or a buzzer etc. may 
report. 

[0081] Next, judgment processing of a reduced pressure tire is explained with 
reference to the flow chart shown in drawing 14 . First, the wheel speed pulse given 
from the binary-ized circuit 14 of the control unit for ABS explained by drawing 4 is 
read (Step S51). and this read wheel speed pulse — pulse reading prohibition 
conditions ****** — ( — (1) in the case of forbidding detection of the air failure 
mentioned above — the time — ) is distinguished (Step S52), and subsequent 
processing is not performed when it is pulse reading prohibition conditions 
[0082] When it is not pulse reading prohibition conditions, the angular rates of rotation 
F1, F2, F3, and F4 of each tire are computed (Step S53). And distinction of whether to 
have been the detection prohibition conditions ((2) - in the case of forbidding 
detection of the air failure mentioned above (6)) which vehicles mentioned above 
based on the computed angular rates of rotation F1-F4 is carried out (Step S54). 
Subsequent processing is not performed when vehicles are detection prohibition 
conditions. 

[0083] When vehicles are not detection prohibition conditions, it is distinguished 
whether the angular rates of rotation F1-F4 still need to be amended (Step S55). 
Although amendment changes by whether it is under [ rolling-stock-run speed and 
cornering ] ****** as mentioned above, when amendment is required, amendment of 
the angular rates of rotation F1-F4 of each computed tire is carried out (Step S56). 
[0084] And the sum of the angular rate of rotation of one pair of tires which are on the 
diagonal line mentioned above based on the angular rates of rotation F1-F4 after 
amendment, for example, F1+F4, Specification of a tire to which the existence of an 
air-failure tire as mentioned above was judged based on the above-mentioned 
judgment formula (3) which took the ratio dF of sum F2+F3 of the angular rate of 
rotation of one more pair of tires on other diagonal lines, and pneumatic pressure fell 
is carried out (Step S57). 

[0085] Although the angular rate of rotation of tires W1-W4 was computed using the 
output pulse of the wheel speed sensor 1 with which ABS is equipped, you may make 
it attach the wheel speed sensor only for DWS(s) in an above-mentioned example to 
the vehicles with which it does not have ABS. 
[0086] 

[Effect of the Invention] According to invention a claim 1 or given in three, based on 
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each angular rate of rotation of four tires, it is correctly detectable whether the air 
failure has arisen into one of tires, and moreover, when incorrect detection may be 
produced, detection is not performed. Moreover, according to invention according to 
claim 2 or 3, when the air failure of a tire arises, a driver can be promptly told about it. 
Moreover, according to invention according to claim 3, whenever a driver turns on an 
ignition switch, it can check that a display means or tire-pressure fall detection 
equipment is operating normally. 

[0087] So, since it can consider as the equipment which can perform exact detection 
and the angular rate of rotation of a tire is moreover used for detection, equipment 
can be constituted cheaply. Moreover, in the state where the angular rate of rotation 
cannot detect correctly, since it was made not to perform tire-pressure fall detection 
processing if based on the angular rate of rotation which may not be exact, it can 
consider as the tire-pressure fall detection equipment which can output only a reliable 
detection result. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the outline of vehicles in which the tire-pressure fall 
detection equipment (DWS) concerning one example of this invention and well-known 
ABS were carried conventionally. 

[Drawing 2] It is the perspective diagram showing an example of the attachment 
structure of a wheel speed sensor. 

[Drawing 3] It is an illustration view for explaining the rotation detection principle by 
the wheel speed sensor. 

[Drawing 4] It is the block diagram showing the electric composition of DWS 
concerning one example of this invention. 

[Drawing 5] It is the circuit block diagram showing the electric composition of DWS 
concerning other examples of this invention. 

[Drawing 6] It is the block diagram showing the example of circuitry of DWS 
concerning the example of further others of this invention. 

[Drawing 7] It is drawing which expresses a relation with a measurement period as the 
wheel speed pulse inputted into CPU24. 

[Drawing 8] It is the flow chart which shows the angular-rate-of-rotation calculation 
procedure of a tire. 

[Drawing 9] It is a timing chart for explaining other arts of angular-rate-of-rotation 
calculation processing of a tire. 

[Drawing 10] It is a flow chart showing the procedure when computing the angular rate 
of rotation explained by drawing 9 . 

[Drawing 11] It is the array view of the tire of four-flower vehicles. 

[Drawing 12] It is an illustration view for explaining the force of acting on each tire 

when Width G starts vehicles. 
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[Drawing 13] It is the flow chart which shows an initialization manipulation routine 
required before judgment processing of a reduced pressure tire. 

[Drawing 14] It is a flow chart showing judgment processing of a reduced pressure tire. 
[Drawing 1 5] It is a graph showing the influence of the pneumatic pressure to the 
dynamic load radius of a tire. 

[Drawing 16] It is a graph showing the influence of a load to the dynamic load radius of 
a tire. 

[Drawing 1 7] It is a graph showing the influence of speed to the dynamic load radius of 
a tire. 

[Drawing 18] It is drawing showing the influence of the slip angle and camber angle to 
the dynamic load radius of a tire. 

[Drawing 1 9] It is a graph showing the influence of the drive of vehicles to the dynamic 
load radius of a tire, or braking. 

[Drawing 20] It is a graph showing the relation between the dynamic load radius of a 

tire, and a tire wear. 

[Description of Notations] 

1 Wheel Speed Sensor 

1 0 Sensor Rotor 

1 5 Initialization Switch 

21 Control Unit for DWS 

22 Drop 
24 CPU 

27 Non-volatile Memory 
W1, W2, W3, W4 Tire 

F1, F2, F3, F4, omega The angular rate of rotation of a tire 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CORRECTION or AMENDMENT 



[Official Gazette Type] Printing of amendment by the convention of 2 of Article 1 7 of 
patent law. 

[Section partition] The 5th partition of the 2nd section. 
[Date of issue] June 10, Heisei 9 (1997). 

[Publication No.] Publication number 6-92114. 

[Date of Publication] April 5, Heisei 6 (1994). 

[**** format] Open patent official report 6-922. 

[Filing Number] Japanese Patent Application No. 4-246848. 

[International Patent Classification (6th Edition)] 

B60C 23/06 

[FI] 

B60C 23/06 A 7504-3B. 

[Procedure revision] 

[Filing Date] September 4, Heisei 8. 

[Procedure amendment 1] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] Claim 1. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[Claim 1] The angular-rate-of-rotation detection means for detecting the angular rate 
of rotation of each tire which is tire-pressure fall detection equipment for the 
four-flower vehicles which have four tires, and was prepared corresponding to each of 
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four tires, 

A distinction means to distinguish whether it is the state defined beforehand where 
the above-mentioned four-flower vehicles do not fit tire-pressure fall detection, 
It is tire-pressure fall detection equipment carry out containing a reduced-pressure 
tire detection means detect whether the air failure has arisen into the tire as the 
feature by not performing the operation for detection, when the above-mentioned 
distinction means has distinguished from the state are not suitable for the 
above-mentioned detection, but measuring the angular rate of rotation of four tires 
detected with the above-mentioned angiilar—rate-of-rotation detection means, when 
having not distinguished from the state are not suitable for the above-mentioned 
detection. 

[Procedure amendment 2] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] Claim 6. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[Claim 6] In tire-pressure fall detection equipment according to claim 1 , 2, 3, 4, or 5 
About the state of not being suitable for the above-mentioned tire-pressure fall 
detection and of setting beforehand 

(1) When four-flower vehicles are in the low-speed state below predetermined speed, 

(2) When sudden-accelerating or sudden slowing down above the rate which 
four-flower vehicles define beforehand, 

(3) When carrying out the cornering of the road of a radius with four-flower vehicles 
smaller than the radius of curvature defined beforehand, 

(4) When the width G beyond the value beforehand set to four-flower vehicles has 
occurred, 

(5) the time of the rate of a value change of the width G which is a time of moving to 
a straight-line run state, and this produces from a cornering state being over the 
default value defined beforehand, when 4 ****** move from a straight-line run state 
to a cornering — or 

(6) While the specific equipment with which four-flower vehicles were equipped is 
operating, it is characterized by including each all [ a part or ] of all of **. 
[Procedure amendment 3] 

[Document to be Amended] Specification. 
[Item(s) to be Amended] 0013. 
[Method of Amendment] Change. 
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[Proposed Amendment] 

[0013] Invention according to claim 1 is tire-pressure fall detection equipment for the 
four-flower vehicles which have four tires, and corresponds to each of four tires. The 
angular-rate-of-rotation detection means for detecting the angular rate of rotation of 
each prepared tire, A distinction means to distinguish whether it is the state defined 
beforehand where the above-mentioned four-flower vehicles do not fit tire-pressure 
fall detection, When the above-mentioned distinction means has distinguished from 
the state of not being suitable for the above-mentioned detection and it has not 
distinguished from the state where do not perform the operation for detection and it is 
not suitable for the above-mentioned detection By measuring the angular rate of 
rotation of four tires detected with the above-mentioned angular-rate-of-rotation 
detection means, it is characterized by including a reduced pressure tire detection 
means to detect whether the air failure has arisen in a tire. 
[Procedure amendment 4] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0016. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0016] Invention according to claim 6 is the state that it is not suitable for the 
above-mentioned tire-pressure fall detection in tire-pressure fall detection 
equipment according to claim 1 , 2, 3, 4, or 5 and of setting beforehand. 

(1) When four-flower vehicles are in the low-speed state below predetermined speed, 

(2) When sudden-accelerating or sudden slowing down above the rate which 
four-flower vehicles define beforehand, 

(3) When carrying out the cornering of the road of a radius with four-flower vehicles 
smaller than the radius of curvature defined beforehand, 

(4) When the width G beyond the value beforehand set to four-flower vehicles has 
occurred, 

(5) the time of the rate of a value change of the width G which is a time of moving to 
a straight-line run state, and this produces from a cornering state being over the 
default value defined beforehand, when four-flower vehicles move from a straight-line 
run state to a cornering — or 

(6) While the specific equipment with which four-flower vehicles were equipped is 
operating, it is characterized by including each all [ a part or ] of all of **. 
[Procedure amendment 5] 

[Document to be Amended] Specification. 
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[Item(s) to be Amended] 0078. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0078] Subsequently, the display devices W1-W4 (refer to drawing 4) of four tires in a 
drop 22 are blinked, and a driver is told about initialization being under processing 
(Step S43). After this initialization switch 15 is pushed, by the driver, vehicles are 
straight-line runs and run by simultaneously constant speed. It is distinguished 
whether based on the wheel speed pulse from a wheel speed sensor, vehicles are 
straight-line runs and CPU24 is running by constant speed (Step S44). Vehicles are 
distinguished [ that it is / straight-line / under run, and 1 when the pre-right-andHeft 
tires W1 and W2, post-right-and-left tire W3, the difference of the angular rate of 
rotation of W4, or the ratio is not over both or a certain default value, as it mentioned 
above whether it was a straight-line run. 



[Translation done.] 
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Ott»WW(C*tt^*»^5t^±^0X^^»tb$n 

iiofi*»i^»ic^tt^^^^±^ox^^^ai$ 

50 Xh7Stl5. ^LT/UX*^>^IWU7Sns. 
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ii 

[0 0 3 9] fit, 3M7->UyX^Wl f W 
2, h73nx^«T-*JWIHlSn, **fir 

a>iBCAa*a)3WWflan* (xf^ys 1 6) . 
mlumu ±»b&xC (i) fci^^tasn*. sua 

[0 0 4 0] ±>££>«£, ma/WXOtt^fttOX 

[0041] a±<o«t53tt^-fir«0<RA3iKJlfflffla 
msnfcwuait i*imu 94*\wfc%itQmHk 

N0«n (n= 1, 2, 3-0 »+ 1 ffl@co*»}$ 

v) ®*!BttMt2ftGttU ^^-V^lalte^iiSa) 

TIBS: (2) 
co= (k 2 • n) / (t 2- t 1) - (2) 
{BU k2 

#tt*«v>fc«*tt* -tr>U*n-*i0 ®3#I) C 
43lt£Wl 0 a^Kfcry^WiStJ^TV^T'b, 

bfc^^T, J:OiEa[ftls!IEftaa<DJHfl^ffA 

[0 0 4 2] ft*3, CKZXHnEflaiJKOJWifc, 4t3<Dij£ 

«<D»ffl£fr o <h^CPU2 4 fc:m**affl*IB£3* 
[0 0 4 3] Ml 0£#fiBLT, J:D*#WiCl5l 

^PBi&^n^xh. VHa/tJUXOfctAtfA-feii^Ox 
%±*«0XyS*jWftfflSn*i» -C-OtttUttMt 1>W* 

m**u liccitsns (xr^s2 2) . *&, 
jv***:^ ma* r i j (Tstv? 

S 2 3) o 

[0 0 4 4] *0>«, % &0)*H3lVVIs7>e>tt±ifi*)X 

4) , ac6±3jf«oxy^)W»iHsn-srit, 

'>>^te+l£n<£> (Xf7^S2 5) o ^lt> 
»ftDfl)iWHI^fl)4S±#DtN0«)i»n«t 50 



4$W¥6-9 2 1 1 4 
^>^(0«*txoxTi^aT3»*T, Xt-^^S2 4^ 

s 2 5o>«iJi*uijgan*. 

[0 0 4 5] -tUT/^X*^>^O* , >>h**«N0 

5i-&±««DX-/i?«t«ttHSn*t (XT7^S2 6, s 
2 7TftlfnYES) , Xfy7 r S2 4T*fflSnt 

flt 2#»aytU2i:B«gn5 Uf^S2 
8) o 

[0 0 4 6] -tUT, /^^X*^>^tt^<^thaaWJ6C 
■m«J7Sft (Xx«y:/S2 9) , WfcM^U 1*3 

(2) tJ:D^^ir®H6A9tt(Da»9Uldn« Uf 
7^30) o cotai o-cifi^fcttffl^^u 1 

[0047] ft*, m8&rz\mio*&mLTmjiis 
Wf»L^, ftifft^>«, «sirrs±5c * -f^aai 

T»S^^J:0iE»ftlftm<cR^3&^T»^o 
[0 0 4 8] *5c, *-fir2Sftffia)fiTllWl<offc^fco 

■C*iiT, Hfe^-firwioiBWiaUEftFi, sa* 

^>f-VW2 0|5HE«a«*F 2, &£^^W30D[1<E 
#*SK£F3, 43j;tf, »>6*^W4<0[§HEftiiflE& 

l*cfctfW4colsrtE^3Sa<DfliFl+F4i, tifiGDttft 
IBUtl;:**^ l»©^<irW2 43<fclAV3<Dl5HEft3* 
KW81F 2 +F 3^CDJtdF€rjRd6-5C:i:JC<tO, 

^S!!UEa)«T*««rr«*i«a (3) 

[0 0 4 9] 

dF= (F1+F4) / (F2+F3) - (3) 

^\ ■vwi-w4ossaffi*^r'<TiEflf"r* 
na, Fi-F4ii v^tifcspb <if= 

lift*. — ^rft*uo(0*^firoSS«BE*«ttT 
Lfc«^tt, dF^l<h^o iot, 
dF>(l + a: ), dF< (l-a 2 ) 

fflU a: , az :^S: 

[0 0 5 0] ±ifi0)fiJftA (3) «:«V>*£. 4^ 

-r^?t^ #jE*^<&ia<Bftji[££» «©iE*ft« 
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[0 0 5 1] dCO*Jg«IC75^*fiJ^S; (3) £fflv>n 
«, 4t3(D^1 , ' ; \'W 1 ~W4 o5*>e>^-?tifr 1 o©^ 
-fir. #A*±E:*5 2"3©:?-firWltW4 

*}fc«W 2 tW 3 ©$rOEE©«T£IEL <tt!i|-f £ C t 

[0 0 5 2] ±)£©?J5£3£ (3) lC*5t>T, d F> IT? 
&*lfc£. JtHi^tttWl £&tiW4. dF<lT?»n 

Fl>F2&e«. MEE^-f-ntWl 
FKF245B, «JE^-fi'ttW2 
F3>F4&f,[i. tfi&.9-1 J r\ZVf3 
F3<F4ft&i;f. «E^-f-t»W4 

[0 0 5 3] t^5T, ±jfiUfc«^SC (3) *JB»« 
W3, W4^ |igii$tc?SrU£&T&£t;#:S-&tt. *© 

±abfc«jesc (3) ic<fc*^irs»ffifiT©&ffi¥'j 

fe«ffofc«. *W*»«S->eMEr38»o«lSlt«i6ff 
SfToTV^^TlC*5^T. W^-f-^Wl, W2©® 
tEfc3iJt©?nF 1 +F2i, &;5MW3, W4©[hII£ 
^^ffi©?PF 3 +F 4 ££it«U. */h75<<fcntf. 

(F1 + F2) / (F3+F4) >C. (Co : itW? 
tfe*-5Jii&) fce>tf. W143j;tAV2*^aJEteT«^ 

(F1+F2) / (F3+F4) <Co (Co : <WT? 

W3*3J:tAV4*i?SMJEE®T*± 

[0 0 5 4] ±»«)*^lC*W-**W4-3ta«*ffTr 

*>*>. 4o<D**ft3g-fe>-y-75^#en-54oco^-r-\'© 
tt*S^S±ifi©J:3fciM»j^>tf©Uiafc*3v»T 



(8) UR?¥6 - 9 2 1 1 4 

14 

WEgfr-5C.hlC.fc0. £©DWSI;::fcV>TG-fe>+N?£ 
■5. 

[0 0 5 5] ±aL.fcW«5S (3) SJHUfc 

»wa¥a*qcflrr*t. *©£fl:**38£Lfc*'r+© 
isHEaaajWB©*^ ^©niteAJSftfc^u^ft-r-s t 

10 <. <2>^'f-Vlc*»A>-S«r«. O^-f ^©HICjftK. €>* 

5*». <8>*-f •*•©*«. ^Ir«fcoTfc^S(j-r-5. 

[0 0 5 6] fuT, *^©£^KT£iE«lCtfctU 
TSfcafctt. ±IB®MS)tci:.5SHisr2¥fi£©£W)£i$ 

20 v>r. jfli^SiW^-rs,, 

gytffiteT©ftttfc%ifc-rs%£- : &T© ( 1 ) ~ 
(6) ©*&?J«»5. 

[0057] (i) *w«tc:<«a«aifc*v»Ttt, m 
3 \z7a?mmm-£ 1 # 6 « 2 ffifl:i;:+#&3i98«jEE 

©tfettifcuih-rs. 

[0 0 5 8] MftartA*©*(ttitjl:©Jlttft&#tt& 

SU<I2. **»*H«IA ticisw-s/i^ftt. #© 

*. fc-tffc 6 tt. A trt-eroftaW:/^ 

X»©iiilD*fc(±«'>f±. &t^«^-f ^©7, U 

i:J;4Ci^5ft**^, -5-©<fc-5^«-&ic. ■€■© 

[0 0 5 9] $6 fc, ±Kli©«-&IC*^T. «fcD0*b 

xs^tJtl-iBil^SSA t w©^;Px«ir«cJ< 9-fVQfa. 
[0060] (2) tmttwiB, ^-fr^e-r 

50 TT, *P©BWl*fii:*K«l«. fct jUifilfitSMfii©® 
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15 



16 



m±-rz&?iz-rz>. z.<n®&. mwimommnmmt 

[0 0 6 1] (3) &n&Mt£Zi— TV 91* 

1 I (F1+F3) - (F2+P4) 

R ' (F1+F2+F3 + F4) 



^CfS; (4) lC<t0*P^fTbT^-5JISS<Ofi^llR 

lh-r-5. 
[0 0 6 2] 
ttl] 



(4) 



[0 0 6 3] fcSU F 1 , F2, F3, F4: &I&9 



50 



G = B I { (F 1 +F 3) 
1L F 1, F 2, F 3, F 4 : flfe^-f-V. ffc&^-f ^3 

ftcfe. ±i£®iC (5) \zM>-3uT&mz*kcz>mGzm 

[0065] ( 5 ) mw>mmjEfrvtmft s ^ u > 
(ccofflti, ±asL&sc (5) •pffinsn&ffiTfc.t^ 

U G-fe>-tMc«toTfflJ^^nfe i t><0T?afet3TfeJ; 

^. ) w&itmtf®ftm%:Mz.rzia&\ztkm*m±-rz 

[0 0 6 6] (6) *ptCffiA6>nfcABS. >t-*> 
Wis-*. *fe!ih7^->3>n>hD-;l/^B^ 

©X'Jy^S54nct«t*D. DWSICtoTHlli 
ttfflrosiifti.. fCT, ABS, /1-*>^-/U- 
t3<ttXh7^->3 >^> f-D— *8ItDWSi:$ 

"tn^n^mxmmL. abs, 

Jg-frt*. DWS &^^**#*fcn-5 J: 



*-5. 

[0 06 4] (4) *W*tn-^-U>^f"tt, 

-t-CT, (5) C«k0, 

(F2 + F4) ) (F 1 + F2 + F3 + F4) I 

- (5) 

[0 0 6 7] ±itfc (i) ~ (5) ^n^nnrnm^ 
<sn. ^mw*j»*u 2 7 (04 Kdfcanr^ 

5. Lfc^t, CPU24IJ, ^fli&tt** 'J 2 71: 
Bteftg&SftBlEf : JSATcO (1) i3<fct* (2) 

[0068] (i) ft&^Lfc±5tc, f^^nwmm* 
ifltrti:, ?-( j rc>m$!m¥m\z5-?L5mm#& : vsf> 

[0 0 6 9] *PK0^ffiiSt^-r-5^'f-1r©®rt5S# 
irofl^^A r irrfttf, 
Ar=f (v) 

( ro +ir) /n =1 +A r/ro 
= 1 + f (v) /ro =1+Cf (v) 
fflU C 

fuT, ^'ftOififtMSF x (Fx = Fl, F 
2. F3*ZiteF4) f?Z>t, 
50 Fxoc (1/r, ) 



40 
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[0 0 7 0] 

BS2] 

1 

Fx' <* 

r o (l+Cf (v)) 

[oo7i] t>mm<D?-i ■wm&A&mtfcz. <to 

Fx= (1+C f (v) ) Fx' 

T£m<Z>ft&(f}fcm&Zl fctAH 5 0 Km/ 
h, lOOKm/h. 15 0Kra/h, iCT-J&ill^LT 

#5Stt;*^E»J 2 7 *fc«ROMtClB«UT*^T : fe«t 

*lt, *p©*ffi*atcj*;i;T. i>-f*i7j>©£rt; 

[0 0 7 2] (2) *^3-±'J>i/*lcfe^Tt4. 

*wic^i;sfiicicj;D, ^^©swm^&a^sfi-r 

*m#&©^Sm±oT[§!teftjg£fc^S!jT-5©-C, C 

i^-ftWl, W2fe«t^feSiS'<-1rW3, 
W4©@teft5i&©?£S;fc«Jt#. H^tfc^cS^fit 

•twsrr* *-u-c\ -enjjw©^}*. 

7J^WJT-S>«fc^irf -Si:. :©DWS \Z%>^X)\> H 

10 0 7 3] ^, 012 fciS^T, -$m\Zl&G1flfrfrZ> 
£U Z.tUzttMLftJlW&f'i tWl, W3, W2, 

w4cfMrr*. ^^©ss^s^&ra:, fifMb&^a 

G0>WiciLTaST*S. £©&»):»■£ A r iU «J 

(r„ +Ar) /ro = l+Ar/ro =l + f (G) 

[0 0 7 4] <fc-?T. *»tn-^-U>^4J{i, S?-f 
IsMEAMUteFx (Fx = Fl, F2, F3S 



(10) W6-92114 
/fcliF4) frntf. Fx' = FxX (1+f (G)) 
43, ±j$©*tIEf&&f (G) fi&$Mfcl?3«£LTSSi 
T*5^ miE%ftltLT*ft%&* : £t) 2 7tCBEtg^n 
[0 0 7 5] K_h©<t3ICbTSCtt}3n«:3'-f^©llie 

^nS*1'^©[Sfc:&3ffi£$IEL;fc*>©£>HV>T^ 
^©£^JEffiT&ffl£fT5;r<!:#T?£5. «fcoT, f-f 

[0 0 7 6] ^tC. 04(C^-TCPU2 4\ZJzr>Xfft> 

20 <omiz^f3.mmitmm^-f>^Tya-^^-b 

*W©4t5©3''r'¥W 1, W2, W3, W4©$§[ 
JE^-T^TiE^-C^cfetLT^, *P©fiaidi)-«C<fc 
S#^-f -WCtf^-SISffi©^. ^-fi'©^!^ ^-ff© 
SSii«^^#^t«fc0, 4t?©^-f-\'©l&^a¥S!i-r'" 

-f if ©iWm¥&©8JJWfc£ & ^ # £«J»Hfc !C J; TJitlE 
■T5^t*t, ^©^OiEtt^^-l-^aEeTMWtCli 

JO [0077] 1313 *#MLT. SJJSWfcjMte, SQflfHb 
X^yf 15 (HI, H4#KD j5tf»f^2n>tc:«»:tS 
^TBBSfe^n* (Xr-;^S4 1) . ZLXlfMitZ. 
■i 'vf 1 5 ©*>*tfijgij5n-5i, C P U 2 4 tt*#58 
tt^'J 2 7 lZt)M{ty7?Z:&&tS (Xfy^S4 

2) . Z.<D®Mfc7y>fttm5V&* : £V 2 7lCS&tr 

©ti. «IWit;Mffi'F(rDWS©*!gt*t ; }- 7 $nfc«-&. 

£©ElX&<JfiIE«»*VBV><=.tt-5<h. DWSBit 

40 14/^^2 7 (cSiitr ^ tlC J: 0, ^»5!tt^ ; &'J27 
©rt'^S«IE L «t -5 tT5 t)©T& 

[0078] s^ag2 2ic^tt5 4^©^'r-v 

CSS*fWl~W4 (BI4#B8) IDW^fc 

3) . zotimfcx^ 5^}f$nfc«. 4tnttP 

7-fnC«fc-3 T«a*fTT, *»^SS— 5£3&ffiT;£ff $ 
n*. cpu24«, ^ii-b>-9-*>e©*t63!M/-<;;i-x 

50 ff*«*tt. tUaiUfcJ:^{c, iftfii'-ftWl, W 
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[0079] xmtfi— izmmjtftfr&frit, a-d 

■VO#S<EAa*F 1, F2, F3, Fltf&tHSn 

F 1 U d©g*fS<BF 1 icjtrr«tta>^^ * 

«. JtiE«ftC2=F2/F 1, *-f-frW3fctH>Ttt 
HiEfMfcCS-FS/Fl. ?-ftW4WHm tt 
m«&C4=F4/Fl. tTS Uf'^S4 5) . 
[0 0 8 01 •€-L-T^©*a&e.nfcttiE^&C 2, C 
3, C4H WSWt^t'J 2 7lCS«^n-S Ufy 
4 6) . ***«tt**'J 2 7 CflBi*n&lD 

*>2Wti:g, CPU2 4tt^F»^14^ : EU 2 7IC«I 

*-r-5«t3{CfctA«**»2 2i;f©S*S^3t 
[0 0 8 1] #IC. 01 4IC^f7n-^^-hS#fi8 
■f. H4T?K«bftABSfflft«Pa-y h©2«ft@K 

1 4 75^%-^.e.n5*$ftjiA;P7.^gS!Ste>n-5 (x^^ 
yssi) . *-ur. c©as^nfc*ii/tjw^, 

*m±tz>)§iG<n (i) tnt-gfrmv *wj$n u 

©&©&s(im3n&^. 

[0082] ^x&j&&±&ttT&^*g"&«, a-^-r 

^©1116*$ &«F 1, F2, F3, F4^flLfflSn-5 
Ur-y^S 5 3) . •£bT»ffl3nfcEMEfc3SKF 1 

Lfc?SgUEffiT©«iW^SI±-rs«^© (2) ~ 
(6) ) izUoX^ZfrmfrWmtfZtLZ (X-ry:/ 
S5 4) . "fe L*ptfW.#lh3:#©ig#ti. *-©«© 

[0 0 8 3] *W^ffl^Jt^#T!^^«^-{Ctt, $5. 
K. lHl«Eftj££F l~F4©1*IEaOTa>5;tatf«MS 
n-5 Ufy?S5 5) . fflUEIi. li&SEL.fc.fc'Sfc^Pi 
©jfefT&&*5«fctf3-:MJ >^4>^5*MCJ;oT^o 

o)\MmnmmF i ~f 4©*tiF.a<5n£ 5 
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6) . 

[0 0 8 4] -5-LT. «IE^©[SIK«)iSF 1 ~F4tr 
S^T. «i^L-fc^«S±ICS.^ lM©3"fir©lHjfe 
ft^S©ftIv £i:iliFl+F4i, ffi©^A4i±ica5 
-S*>5 lMC^-fi'COlBllEft^WfPF 2 + F3t©tfc 
dFStofciEfJSS (3) CStJV>T, fljKEL&t 

EE©«TL&^-f t©#H)S ! Sn5 Ufy^S5 

7) . 

[0 0 8 5] ±M©*$S0!ltC*^Ttt. ABSCff&& 

nT^zmmm-t>if 1 <oti\ti;vi'X*mMLT9^ J r 

Wl ~W4©Hfofc^£3fffl^£<fc5ICLfc)&*. AB 
» & -fe > if * «t 0 3 «fc ? C L fc t> © "C * o T fc J; 
[0 0 86] 

[I89i©x!l;g] W*«l^:^L3gH«©fg?gtCJ:n«. 
4d©^-f-\'©&lpHSAaSJcS^ViT, l>fh*5)? 

L^fc, SI«ltaS:*i;SoTtgtt©*«i:^ 
»4tttt)Wfton*V». *fc. St#*2*;fcte3 82*©5i! 
iHCfcnK, ir©£»EfiT#* F 

[0 0 8 7] -&ni<DA, iEfil^WdtT^S^BtTS 

L^fctftaiic(i^^-\'©iHi^5Sffi*ffl^ 
*(DmmTtL\,^m&<D$>2>®fRMmmizm-3^T\t* 

■i ^MEEffiTttJlS5aa?S:fT*3^^J:aiCLfc©T. « 
*$■£© * -SfcttJiig*©* £ tU^f 5 £ i: -5 ^ -T 

[0®©f8*^lftW] 

[01] ^©^^©-IISfiOTlcA^-S^^^mjEE^T 
ttffl^B (DWS) *3<tUt^*^(OABS^»«$n 
7t*M©«ES**-r^T*S. 

m 2 ] *fi3i-fe: >-y-© mmxk<D-M**-r&mw? 
[S3] *na-t>u-icJ:*0is*iflMaeKW'r*fe 
[E4] c©fg^©— ^js0yic^-5Dws©mriW^ 

[0 5] C©^©te©HSISWtX^-5DWS©1«MM 

[16] c <D%wv>t* \zm<D$mm\zfrfr2>T>ws © 

[0 7] CPU 2 4CXASft**HaAUl';*4:. ififfl 
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[0 8] f^^nmmAmm&mmm^mtt'ryu- 

[010] BB9TK«UfcHfiAa*©J|cm*ff'5t* 

[011] PMMtH®j''f ^cDgE^J0T&£« 

[01 2] *P|t«G39«^*ofci*0#*-f^fc:IPffl 

[013] mm*^ ^omfemMvmz&mtzwmim 

[014] WE^Ir^JlM***?* 7D-?t- 
[01 5] ^-fiTO^«*«lC»r<5aHUE©lf»* 
[016] ^-f ira)»w«*«k:»r*«r»©»«** 



J0 



2? 



[017] *-fir«>ftwm*ff*c»T*aa©ii?»** 
[018] *-fir«)«»«*«tJirr*xUy^A*J: 
[019] ^-f^©iWf«^ffK:»"r*#W©K»Sfc 

[020] ^^^<ommm^mt^^^<Dmnt<omm 

^W^77T»^», 



1 

1 0 

1 5 

2 1 
2 2 
24 
2 7 
Wl, 
Fl, 



CPU 

W2 f W3, W4 
F2, F3, F4, 




IDWSfflfM 1 



W2,W4 



[02] 



[09] 




N-1 N-2 



tl 
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(13) 
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13] 



[04] 



1 

\ 



13- 
*^«12- 

10a 



10a- 




-o 

JOa 



40a 



/*\ |> | ''*l w f 



[05] 
6ABSffltttWn.-Th 



16 



f^ 1 



ft 

(9 



TLTLTL 



iz: 



ABSffl 



DWSffl 



.22 



.28 



^15 



6ABSffl*J8P^-^ 



Is) 



owsffl*i»:i=*h 



zz 



J6 
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.23 



I/O -i^-^x-r:* 



I 



ROM 



7i£ 

25 



CPU 

in 



RAM 



26 



24 



14 



[06] 



6ABSffl1Mtt>^--»1- 



6^ 



Jr 



ZL 



22 



WlQyOz 
W30-HHW4 

I I 



^1 



.15 



2 



16 



ABSffl^a^A 



22 



15 



II 13 



W1 — 



W3— 



— W2 



— W4 
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[H7] 



11 3] 



At 



-T_njn._n_juL 



N-x-i N»w 



At 




S41, 



S42 
S43 





S45 




F1. F2x F3x F4£l£Ws 
F1 ***ttfcU 

C2=F2/FK C3=F3/F1 

C4=F4/F1 



S46 N C2. C3, C4£ 



S47 




S48"'7« 7r ^^"£ 

1 mi > 
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(a) 
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S3- 
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S13 



S14 
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S15 



S16 



->W3II^K7 
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